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CONTRACTUAL ORIGIN OF THE INVENTION 
[001] This invention was made with United States Government support under 
Contract No. DE-AC07-94ID 13223, now Contract No. DE-AC07-99ID 13727 awarded by 
the United States Department of Energy. The United States Government has certain 
rights in the invention. 

RELATED APPLICATION 
[002] This application is a Divisional of pending U.S. Application Serial No. 
10/190,409 filed on July 5, 2002, which is a Continuation of pending U.S. Application 
Serial No. 10/117,005, filed on April 4, 2002, which is a Divisional of U.S. Application 
Serial No. 09/572,523, filed on May 17, 2000, which is a Continuation-In-Part of U.S. 
Application Serial No. 09/212,489 filed on December 16, 1998, which claims priority to 
U.S. Provisional Application 60/069,697 filed on December 16, 1997. 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[003] The present invention relates to fuel delivery systems. More specifically, 
the present invention relates to systems and methods for delivering liquified gas from a 
holding tank to an engine. 

Present State of the Art 

[004] The increasing output of automobile emissions and the decreasing supply 
of oil reserves has motivated the search for alternative motor vehicle fuels. One 
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alternative fuel is natural gas. Natural gas is clean burning and can be stored in a dense, 
high energy liquid form. Liquefying natural gas is accomplished by cooling the natural 
gas to a cryogenic temperature, typically below -260° F, which condenses the gas into a 
liquid. Working with and keeping natural gas at a cryogenic temperature, however, 
creates inherent problems. Furthermore, natural gas, prior to combustion, is a harmful 
greenhouse gas. As such, it is important that the escape of any natural gas be minimized 
to prevent increased harm to the atmosphere. 

[005] In one approach to using natural gas in automobiles, the natural gas is 
initially stored in large tanks at refueling stations. The large tanks maintain the fuel at a 
cryogenic temperature so as to keep the natural gas in a dense liquid state. Smaller 
insulated fuel tanks are located within the automobiles and can be filled with the liquified 
natural gas at a refueling station. As discussed above, it is desirable to store the natural 
gas in a liquified state. It is also beneficial, however, to have the automobile fuel tank 
sufficiently pressurized so that the fuel therein will automatically flow to the vehicle 
engine. Although a pump can be used to deliver the fuel to the engine, use of a pump 
requires energy. Furthermore, pumping natural gas at cryogenic temperatures has been 
found to be problematic. 

[006] In one approach to obtaining the desired pressure within the automobile 
fuel tank, systems have been incorporated into refueling stations which warm the liquified 
natural gas as it is pumped into the automobile fuel tank. By heating the liquified natural 
gas to a desired temperature, a portion of the liquified natural gas vaporizes within the 
fuel tank to produce the desired pressure. The pressure created within the fuel tank as a 
result of wanning the fuel is called "saturation pressure." Although this process achieves 
the desired objective, it also produces several problems. 

[007] For example, the systems for heating the natural gas at the refueling station 
are time consuming and expensive to operate and build. Furthermore, as a result of 
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wanning the natural gas, less natural gas can be stored within the fuel tank. In addition, 
since all of the natural gas that is pumped into the automobile fuel tank is heated, the fuel 
must be used relatively quickly to prevent having to vent any of the natural gas to the 
atmosphere. Although the automobile fuel tank is insulated, once the liquified natural gas 
is pumped therein, the fuel begins to slowly warm towards an equilibrium with the 
outside temperature. As the fuel warms, the pressure within the tank increases. Once the 
tank reaches a designed relief pressure, a pressure relief valve is opened allowing a 
portion of the natural gas to escape into the atmosphere, thereby decreasing the internal 
pressure. The time period that a tank can hold natural gas without having to vent is called 
the "hold time." As previously discussed, releasing natural gas into the atmosphere is 
both wasteful and potentially harmful. 

[008] In contrast, if the natural gas is consumed too quickly, the pressure within 
the fuel tank can drop below the required operating pressure. As liquified natural gas is 
consumed, the volume of the vapor holding portion of the fuel tank is increased. As this 
volume increases, a portion of the liquified natural gas is vaporized to fill the space 
within the fuel tank. Vaporization of natural gas is an endothermic process which 
absorbs heat. Accordingly, as the natural gas within the fuel tank is vaporized, the 
temperature and thus pressure within the fuel tank decreases. If liquified natural gas is 
consumed too quickly, the pressure will drop below the operating pressure. 

[009] In an alternative approach to pressurizing the automobile fuel tank, a 
heater is directly coupled with the automobile fuel tank for heating the liquified natural 
gas therein. The problem with this approach is that it takes both time and energy to heat 
the fuel within the fuel tank. Furthermore, the same problem exists of having to use the 
natural gas relatively quickly to prevent having to vent portions of the natural gas to the 
atmosphere. 

[0010] Other problems in conventional liquified natural gas systems relate to the 
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lines extending from the fuel tank to the engine. Many of the prior art systems require the 
use of electronic switches, solenoids, and computers to operate them. The use of such 
electronics is expensive, increases the complexity of the system, decreases the reliability 
of the system, and consumes large amounts of energy. 

[0011] The same problems as discussed above for vehicles are also applicable to 
using natural gas or other liquified gases to run engines that are not vehicle related. 

SUMMARY AND OBJECTS OF THE INVENTION 
[0012] It is an object of the present invention to provide improved delivery 

systems and methods for delivering liquified gases to an engine. 

[0013] Another object of the present invention is to provide improved delivery 

systems which do not require a liquified gas to be warmed as it is transferred from a 

refueling facility to a holding tank for operating an engine. 

[0014] Yet another object of the present invention is to provide delivery systems 

which do not require all of the liquified gas disposed within the holding tank to be 

warmed therein. 

[0015] Still another object of the present invention is to provide delivery systems 
which significantly increase the hold time of the liquified gas in the tank. 

[0016] A further object of the present invention is to provide delivery systems for 
liquified gas which maintain a desired pressure within the holding tank substantially 
independent of the gas consumption rate. 

[0017] Yet another object of the present invention is to provide delivery systems 
which enable relatively quick pressurization of the tank holding the liquified gas. 

[0018] Finally, an additional object of the present invention to provide delivery 
systems which provide fuel lines extending from the tank to the engine that do not require 
the use of electronic switches, solenoids or computers to function. 
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[0019] To achieve the foregoing objects, and in accordance with the invention as 
embodied and broadly described herein, a liquified gas delivery system and method are 
provided for use with an engine mounted on a mobile or stationary vehicle. The liquified 
gas delivery system includes an insulated holding tank configured to receive a liquified 
gas at saturated liquid/gas conditions. The holding tank bounds a chamber which 
includes a liquid holding portion for holding liquified gas and a vapor holding portion for 
holding liquified gas vapor. A vapor conduit extends from the vapor holding portion of 
the tank to a valve device such as an economizer valve or ecoshunt valve. A liquid 
conduit extends from the liquid holding portion of the tank to the valve device. A 
transition conduit extends from the valve device to a vaporizer. 

[0020] The valve device is configured to operate in one of two positions 
depending on the pressure within the vapor holding portion of the tank. When pressure 
within the vapor holding portion of the tank is below a select pressure, the valve device 
facilitates the flow of the liquified gas from the tank to the vaporizer. When the pressure 
within the vapor holding portion of the tank exceeds the select pressure, the valve device 
blocks the flow of liquified gas and facilitates the flow of the liquified gas vapor from the 
tank to the vaporizer. Once sufficient liquified gas vapor has been removed from the tank 
to drop the pressure therein below the select pressure, the valve device again facilitates 
the flow of the liquified gas from the tank to the vaporizer. 

[0021] The vaporizer is heated with coolant from the engine. As liquified gas is 
passed through the vaporizer, the elevated temperature causes the liquified gas to flash 
into a vapor. A delivery conduit extends from the vaporizer to the engine for delivering 
the liquified gas vapor thereto. A return conduit having a check valve coupled therewith 
extends from the delivery conduit to the vapor holding portion of the tank. Feeding of the 
liquified gas vapor from the return conduit to the vapor holding portion of the tank 
functions to pressure the tank. 
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[0022] It is desirable to keep the liquified gas within the tank at the lowest 
economical temperature. At such a temperature, however, there may be insufficient 
saturation pressure within the vapor holding portion of the tank to drive the liquified gas 
from the tank to the engine. Until such time that the liquified gas warms up from the 
outside environment to a point that it produces the required saturation pressure, the 
liquified gas vapor feeding from the return conduit to the vapor holding portion of the 
tank functions to create the required pressure to operate the system. 

[0023] To enable effective pressurization of the tank using the return conduit, the 
vaporizer is most effective when positioned a required distance below the surface of the 
liquified gas in the tank. Specifically, the head between the surface level of the liquified 
gas and the point in the vaporizer where the liquified gas is vaporized must be sufficiently 
large to create a required pressure on the vaporized gas leaving the vaporizer. This 
required pressure must be greater than the summation of the pressure losses on the gas as 
it passes from the tank through the valve device, vaporizer, and back to the tank. As a 
practical matter, to enable operation of the engine at low levels of fuel within the tank, the 
vaporizer is preferably positioned below the elevation of the tank. 

[0024] The systems of the invention have several advantages over prior 
conventional systems. For example, in the present inventive system the liquified gas 
within the holding tank can be maintained at its lowest possible temperature. As a result, 
it is not necessary to incorporate systems for warming the liquified gas as it is transferred 
from a refueling facility, or systems for warming the liquified gas within the tank. 
Furthermore, since the liquified gas is maintained at a low temperature, the hold time for 
the tank is much longer than conventional systems. In addition, the present system can 
continually regulate the pressure within the tank independent of the consumption rate. 
Finally, the system can be operated in a passive configuration which does not require the 
use of electronic solenoids, switches, or computers to run. 
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[0025] These and other objects, features, and advantages of the present invention 
will become more fully apparent from the following description and appended claims, or 
may be learned by the practice of the invention as set forth hereinafter. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0026] In order to illustrate the manner in which the above-recited and other 
advantages and objects of the invention are obtained, a more particular description of the 
invention briefly described above will be rendered by reference to specific embodiments 
thereof which are illustrated in the appended drawings. Understanding that these 
drawings depict only typical embodiments of the invention and are not therefore to be 
considered limiting of its scope, the invention will be described and explained with 
additional specificity and detail through the use of the accompanying drawings in which: 

[0027] Figure 1 is a perspective view of a vehicle incorporating the liquified gas 
delivery system of the present invention; 

[0028] Figure 2 is a schematic representation of one embodiment of the liquified 
gas delivery system incorporated into the vehicle in Figure 1 ; 

[0029] Figure 3 is a schematic cross-sectional view of a valve device used in the 
liquified gas delivery system shown in Figure 2; 

[0030] Figure 4 is a schematic representation of an alternative embodiment of the 
liquified gas delivery system shown in Figure 2; 

[0031] Figure 5 is a schematic cross-sectional view of a valve device used in the 
liquified gas delivery system shown in Figure 4; 

[0032] Figures 6-12 are schematic representations of alternative embodiments of 
the liquified gas delivery system shown in Figure 2; 

[0033] Figure 13 is a schematic cross-sectional view of a valve device according 
to an alternative embodiment of the invention; 
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[0034] Figure 14 is a schematic cross-sectional view of a valve device according 
to another alternative embodiment of the invention; and 

[0035] Figure 15 is a schematic cross-sectional view of a valve device according 
to a further alternative embodiment of the invention; 

[0036] Figures 16A and 16B are schematic representations of alternative 
embodiments for connecting a valve device to a holding tank according to the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0037] The present invention is directed to systems and methods for delivering 
saturated liquified gases from a holding tank to an engine mounted on a vehicle. As used 
in the specification and appended claims, the term "vehicle" is defined as any motorized 
platform, whether stationary or mobile. By way of example and not by limitation, mobile 
vehicles can include cars, pickup trucks, cargo trucks, buses, trains, trailers, tractors, 
construction vehicles, off-road equipment, farming vehicles, aircraft, helicopters, and the 
like; stationary vehicles can include motorized process equipment such as compressors, 
generators, heating and air conditioning systems, and the like. Virtually any motorized 
platform can use the system of the invention where the prime mover is an internal or 
external combustion device for generating energy. 

[0038] Referring to the drawings, wherein like structures are provided with like 
numerical reference designations, Figure 1 depicts one embodiment of a vehicle 10 in the 
form of a bus which incorporates features of the present invention. Vehicle 10 is shown 
having a chassis 12 with a holding tank 14 mounted thereon. The term "chassis" as used 
in the specification and appended claims is intended to broadly include the frame and/or 
body of the vehicle. 

[0039] Holding tank 14 is insulated, preferably by having a vacuum barrier, and is 
configured to receive and retain liquified gas at saturated conditions. The expression 
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"saturated conditions" as used herein refers to the given temperature and pressure at 
which a gas/liquid phase equilibrium exits for a particular substance. The tank 14 is 
filled with liquified gas through an inlet 16. The expression "liquified gas" as used in the 
specification and appended claims is broadly intended to include gases that exist in a 
gaseous state at ambient conditions and require saturated conditions to exist in a liquid 
state. The liquified gas can include various substances that are fuels or oxidizers. By 
way of example and not limitation, liquified gas fuels can include hydrogen, hydrocarbon 
gases such as methane, ethane, propane, butane, natural gas, and the like, as well as 
various mixtures thereof; liquified gas oxidizers can include oxygen, fluorine, chlorine, 
mixtures thereof, and the like. 

[0040] Preferably, tank 14 is adapted to receive and retain liquified gas at or 
below a given saturated condition temperature. For example, methane gas becomes 
liquified at a temperature of about -220°F under a pressure of about 65 psi. It will be 
appreciated by those skilled in the art that the saturated condition temperature can vary 
widely depending on the specific gas utilized and the operating pressures under which the 
gas is employed. 

[0041] Depicted in Figure 2 is a schematic representation of one embodiment of a 
liquified gas delivery system 18 that can be incorporated into vehicle 10. As depicted in 
Figure 2, tank 14 comprises a liquid holding portion 20 for holding liquified gas 22 and a 
vapor holding portion 24 for holding vaporized gas 26. Liquid holding portion 20 and 
vapor holding portion 24 are separated by the surface of liquified gas 22 defined by dotted 
line 28. The volume of liquid holding portion 20 and vapor holding portion 24 vary 
inversely depending on the volume of liquified gas 22 within tank 14. That is, as 
liquified gas 22 is consumed, surface 28 of liquified gas 22 lowers, thereby decreasing the 
volume of liquid holding portion 20 and increasing the volume of vapor holding portion 
24. 



9 



Docket No. UT-PM02A.DI.C1.DI 



[0042] Tank 14 is filled with liquified gas 22 by passing liquified gas 22 through 
inlet 16 and into a filling conduit 42. Filling conduit 42 is fluid coupled with a vapor 
conduit 32 having a first end 34 disposed within vapor holding portion 24 and an 
opposed second end 36 fluid coupled to an economizer valve 38. Mounted at first end 34 
of vapor conduit 32 are one or a plurality of spray nozzles 40. As a result of relative 
pressures, liquified gas 22 entering vapor conduit 32 from filling conduit 42 travels to 
first end 34 where it is sprayed into tank 14 through nozzles 40. 

[0043] Nozzles 40 serve a unique purpose. Under normal operating conditions, 
once vehicle 10 has run for a sufficient period of time to substantially empty tank 14 of 
liquified gas 22, the remaining vaporized gas 26 within tank 14 is at a relatively high 
saturation pressure. This is because the remaining gas within tank 14 has been warmed 
by the outside environment during operation. During refueling, as the cold liquified gas 
is sprayed into tank 14 over the liquified gas vapor therein, the liquified gas vapor is 
cooled and condensed, thereby reducing the saturation pressure. As a result, tank 14 can 
be filled quickly and to a much greater extent without having to vent liquified gas vapor 
into the atmosphere. There are of course a variety of single or multiple spray nozzles that 
can be used. Furthermore, various dripping or other mechanisms can be used to help 
disperse the liquified gas over the vaporized gas within tank 14. 

[0044] In one embodiment of the present invention, means are provided for 
delivering liquified gas from tank 14 to an engine 30. Engine 30 is likewise mounted to 
chassis 12 of vehicle 10. In more specific embodiments, means are provided for 
passively delivering the gas from tank 14 to engine 30 while automatically and passively 
maintaining a pressure within a predetermined range within vapor holding portion 24 of 
tank 14. As used in the specification and appended claims, the term "passively" defines a 
system that is self-regulating without the use of electronically actuated flow controlling 
devices such as solenoids or other valves or switches. 
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[0045] By way of example of the above delivery means and not by limitation, 
vapor conduit 32 extends from vapor holding portion 24 of tank 14 to economizer valve 
38, as discussed above. Similarly, a liquid conduit 44 has a first end 46 positioned within 
liquid holding portion 20 of tank 14 and an opposing second end 48 fluid coupled to 
economizer valve 38. An opening at first end 46 of liquid conduit 44 enables liquified gas 
22 to travel through liquid conduit 44 to economizer valve 38. 

[0046] The present invention also includes control means for automatically 
withdrawing a select gas chosen from either liquified gas 22 or vaporized gas 26 from 
tank 14 based on the pressure within tank 14. By way of example and not by limitation, 
depicted in Figure 3 is one embodiment of a valve device in the form of an economizer 
valve 38. Economizer valve 38 includes a housing 50 having an interior surface 51 
bounding an elongated chamber 52. Chamber 52 extends from a bottom end 54 to a top 
end 56. Longitudinally disposed within chamber 52 is a rod 60. Rod 60 also has a 
bottom end 62 and an opposing top end 64. Extending between top end 64 of rod 60 and 
housing 50 is a resiliently compressible spring 66. Radially projecting out at bottom end 
62 of rod 60 is an annular seal 68. Radially inwardly projecting from interior surface 51 
around bottom end 62 of rod 60 is a circular flange 96 having an opening 97 extending 
therethrough. Flange 96 is configured such that when seal 68 is biased thereagainst, 
opening 97 is sealed closed. 

[0047] Extending across chamber 52 and sealed against rod 60 and interior 
surface 51 are three distinct flexible diaphragms which divide chamber 52 into four 
isolated compartments. Specifically, a flexible first diaphragm 74 bounds a first 
compartment 76 extending between first diaphragm 74 and top end 56 of chamber 52. 
First compartment 76 houses spring 66 and communicates to the exterior through an 
opening 58. An isolated second compartment 78 is positioned between first diaphragm 
74 and a flexible second diaphragm 80. A third compartment 82 is formed between 
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second diaphragm 80 and a flexible third diaphragm 84. Finally, a fourth compartment 
86 is bounded between third diaphragm 84 and bottom end 54 of chamber 52. 

[0048] Vapor conduit 32 extends through housing 50 and communicates with 
second compartment 78. A bypass conduit 88 extends from vapor conduit 32 to third 
compartment 82. A check valve 90 is positioned within bypass conduit 88. A transition 
conduit 92 extends through housing 50 from third compartment 82 to the exterior of 
economizer valve 38. Liquid conduit 44 extends through housing 50 and communicates 
with fourth compartment 86. A bypass conduit 94 extends from fourth compartment 86, 
at a side of flange 96 opposite liquid conduit 44, to transition conduit 92. 

[0049] Economizer valve 38 is configured to automatically operate in one of two 
positions for withdrawing either vaporized gas 26 from tank 14 or liquified gas 22 from 
tank 14. The determination of which of the two gas forms is removed from tank 14 
depends on the pressure within vapor holding portion 24. That is, economizer valve 38 
moves between one of the two positions when a select pressure is reached within vapor 
holding portion 24. The select pressure is manually set and can vary depending on the 
intended use and system parameters. The select pressure is typically in a range between 
about 20 psi to about 140 psi, with about 60 psi to about 100 psi being preferred, and 
about 60 psi to about 80 psi being more preferred. 

[0050] By way of example, when the pressure within vapor holding portion 24 is 
below the select pressure, liquified gas 22 flows through supply conduit 44 into fourth 
compartment 86, through opening 97 in flange 96, and through bypass conduit 94 where 
it eventually exits through transition conduit 92. Check valve 90 prevents liquified gas 
22 from passing into vapor conduit 32. As the pressure increases within vapor holding 
portion 24, for reasons as will be discussed later, the pressure correspondingly increases 
within second compartment 78. This is because second compartment 78 and vapor 
holding portion 24 are coupled together by vapor conduit 32. 
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[0051] Since first compartment 76 is under atmospheric conditions as a result of 
opening 58, as second compartment 78 is pressurized, first diaphragm 74 is pressed into 
first compartment 76 causing rod 60 to compress against spring 66. The resistance of 
spring 66 is manually set such that as the pressure within second compartment 78 reaches 
the select pressure, rod 60 is sufficiently compressed against spring 66 so that seal 68 is 
biased against flange 96, thereby sealing opening 97 closed. Vaporized gas 26 is then 
permitted to pass from vapor conduit 32 through bypass conduit 88 into third 
compartment 82 and subsequently out transition conduit 92. Once the pressure within 
second compartment 78 drops below the select pressure, spring 66 pushes rod 60 
downward so as to separate seal 68 and flange 96, thereby again allowing liquified gas 22 
to pass therethrough. Standard economizer valves, such as that discussed above, can be 
purchased from MVE out of Bloomington, Minnesota. 

[0052] Returning to Figure 2, the select gas leaving economizer valve 38 travels 
through transition conduit 92 to a vaporizer 100. Vaporizers, also referred to as heat 
exchangers, can be purchased off the shelf. A conventional vaporizer comprises a coil 
102 having an inlet end 104 and an outlet end 106. At least a portion of coil 102 is 
enclosed within a housing 108. In the present invention, housing 108 is fluid coupled to a 
pair of heating conduits 1 10 and 1 12 which continually cycle heated radiator fluid 
between housing 108 and engine 30. As liquified gas 22 passes through coil 102 within 
housing 108, the heat from the radiator fluid causes the liquified gas to flash to a vapor. 

[0053] The present invention also provides means for delivering at least a portion 
of the select gas from vaporizer 100 to engine 30. By way of example and not by 
limitation, a delivery conduit 1 14 extends from vaporizer 100 to engine 30. To help 
optimize the process, a flow regulator 1 15 can be attached to delivery conduit 1 14. 
Means are also provided to enable delivery of a portion of the select gas from vaporizer 
100 back to tank 14, for maintaining an operating pressure within the vapor holding 
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portion of tank 14. By way of example and not by limitation, a return conduit 116 having 
a check valve 1 18 formed thereon extends from delivery conduit 1 14 to filling conduit 42. 
As a result, depending on the rate of fuel consumption by engine 30, a portion of the 
liquified gas vapor from delivery conduit 1 14 can travel through return conduit 1 16, 
filling conduit 42 and vapor conduit 32 where it subsequently enters into vapor holding 
portion 24 of tank 14. The feeding or at least communication of liquified gas vapor from 
delivery conduit 1 14 to vapor holding portion 24 provides the needed pressure for driving 
liquified gas 22 through the system to engine 30 without the need for a pump. When the 
pressure within vapor holding portion 24 exceeds the desired or select pressure, 
economizer valve 38 pulls off the liquified gas vapor as previously discussed. 

[0054] There are of course, a variety of alternative conduit configurations that can 
be used to feed the liquified gas vapor back to vapor holding portion 24. By way of 
example, the liquified gas vapor can be fed back into the economizer valve, as will be 
illustrated in a subsequent embodiment. Furthermore, a conduit could be formed that 
extends directly between delivery conduit 1 14 and vapor holding portion 24. 
Furthermore, a conduit can be formed to extend directly between vaporizer 100 and vapor 
holding portion 24. Other embodiments will be set forth later in the disclosure. 

[0055] One of the novel concepts of the present invention is the positioning of 
vaporizer 100 relative to tank 14. To enable the vaporized gas leaving vaporizer 100 to 
most efficiently flow back into vapor holding portion 24, a maximum elevation difference 
or head H should be achieved between surface 28 of liquified gas 22 and the point in 
vaporizer 100 where the liquified gas is vaporized. Specifically, head H must be 
sufficiently large to produce a pressure on the vaporized gas leaving vaporizer 100 that is 
greater than the summation of all the pressure losses as a result of the gas passing from 
tank 14 through economizer valve 38, vaporizer 100, and the various conduits back to 
vapor holding portion 24. If head H is insufficient to overcome these pressure losses, the 
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liquified gas vapor will not flow back into vapor holding portion 24 and thus pressure 
will not build therein. Since surface 28 of liquified gas 22 continually drops as the gas is 
consumed in engine 30, to maintain operation at low fuel levels it is preferred that 
vaporizer 100 be positioned below tank 14. 

[0056] The greater the head H, the faster in which vapor holding portion 24 will 
be pressurized. The rate at which vapor holding portion 24 is pressurize is an important 
consideration for startup time after refueling. That is, once tank 14 is filled with liquified 
gas, the pressure within vapor holding portion 24 is typically insufficient to deliver 
liquified gas to engine 30. Alternative heating sources such as solar radiation, batteries, 
or using gasoline to run engine 30 can be used for heating vaporizer 100 and thus 
pressurizing vapor holding portion 24. However, it is desirable to be able to pressurize 
vapor holding portion 24 as quickly as possible so as to enable operation using the 
liquified gas. 

[0057] By increasing the head H, pressure on the liquified gas vapor is increased, 
thereby increasing the rate and shortening the time for pressurizing vapor holding portion 
24. In one embodiment, vapor holding portion 24 of tank 14 can be pressurized to a 
select operational pressure in a period of time after refueling less than about 15 minutes, 
more preferably in less than about 10 minutes, and most preferably in less than about 5 
minutes. In some embodiments, it is also desirable that vaporizer 100 be positioned 
below tank 14 at a preselected distance. An increased distance between the tank and 
vaporizer positioned therebelow has been found to improve the performance of the 
liquified gas delivery system. 

[0058] Depicted in Figure 4 is an alternative embodiment of a liquified gas 
delivery system 120. Like structural elements between delivery system 18 and 120 are 
identified by like reference characters. In contrast to delivery system 18, filling conduit 
42 can directly fluid couple with tank 14 through nozzles 40. Furthermore, vapor conduit 
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32 need not communicate with nozzles 40. Return conduit 1 16 has been removed and 
replaced with a conduit 122. Conduit 122 has a check valve 124 formed therewith and 
extends from delivery conduit 1 14 to economizer valve 38. As depicted in Figure 5, 
economizer valve 38 has been altered to have conduit 122 extending through housing 50 
to second compartment 78. Check valve 124 prevents liquified gas vapor from passing 
from second compartment 78 through conduit 122. Check valve 124, however, does 
enable the liquified gas vapor to pass from delivery conduit 1 14 into second compartment 
78 for pressurization of vapor holding portion 24, thereby producing the same effect as 
previously discussed with economizer valve 38 in Figure 3. 

[0059] Figure 6 is an alternative embodiment of a liquified gas delivery system 
126 in which one way check valve 1 18 of delivery system 18 has been replaced by an 
electronic solenoid 128. Solenoid 128 electronically opens and closes conduit 116. 

[0060] Figure 7 is an alternative embodiment of a liquified gas delivery system 
130. This embodiment can be used when it is impossible or impractical to position 
vaporizer 100 at a position sufficiently far below surface 28 of liquified gas 22to obtain 
the desired head H. In this embodiment, a smaller vaporizer 132 can be positioned at a 
preferred distance below tank 14. The vaporizer 132 is an example of a means for 
maintaining an operating pressure within the vapor holding portion of the tank. A 
conduit 134 having a one way check valve 138 fluid couples transition conduit 92 to 
vaporizer 132. Conduit 134 thus provides liquified gas to vaporizer 132. A conduit 136 
delivers the gas vaporized by vaporizer 132 to vapor conduit 32, thereby pressurizing 
vapor holding portion 24 in substantially the same way as previously discussed with 
regard to Figure 2. Vaporizer 132 can be heated using a variety of alternative designs, for 
example, coolant can be taken from engine 30. Alternatively, solar or battery operated 
heating devices can be used. 

[0061] Depicted in Figure 8 is a fluid delivery system 140 similar to fluid delivery 
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system 130 depicted in Figure 7. In contrast, however, conduit 134 of fluid delivery 
system 140 is fluid coupled to supply conduit 44 rather than transition conduit 92. 
Furthermore, one way check valve 138 has been replaced by an electronically operated 
solenoid valve 142. 

[0062] Depicted in Figure 9 is a fluid delivery system 146 also comparable to 
fluid delivery system 130. In fluid delivery system 146, however, conduit 136 is fluid 
coupled to economizer valve 38 in substantially the same way that conduit 122 is coupled 
to economizer valve 38 as previously discussed with regard to Figures 4 and 5. 

[0063] Depicted in Figure 10 is yet another alternative embodiment of a fluid 
delivery system 150. In this embodiment, when vaporizer 100 is positioned too high 
relative to level 28 of liquified gas 22 to drive fuel into engine 30, solenoid 152 on 
transition conduit 92 closes causing the gas to flow from transition conduit 92 to a small 
reservoir 154 through a conduit 156. A one way check valve 158 prevents a back flow of 
liquified gas vapor. In turn, a conduit 160 feeds liquified gas 22 from reservoir 154 to a 
secondary vaporizer 162 positioned at a desired elevation relative to tank 14. Vaporizer 
162 is also coupled to vapor conduit 32 by a conduit 161 for pressurizing vapor holding 
portion 24 as previously discussed with regard to Figure 2. A conduit 164 allows 
liquified gas vapor to travel from reservoir 154 back to vaporizer 100. Once sufficient 
pressure is built within the system, solenoid 152 can be opened to allow direct flow into 
vaporizer 100. 

[0064] Depicted in Figure 1 1 is a fluid delivery system 166 similar to fluid 
delivery system 150 depicted in Figure 10. In contrast, however, conduit 164 now 
extends from reservoir 154 to delivery conduit 1 14. Solenoid valve 152 has also been 
moved from transition conduit 92 to conduit 164. When solenoid valve 152 is open, 
liquified gas passes from transition conduit 92 into reservoir 154 through conduit 156. 
When solenoid 152 is closed, liquified gas within reservoir 154 travels through vaporizer 
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162 and back into conduit 32 for pressurizing the system. 

[0065] Depicted in Figure 12 is a fluid delivery system 168 substantially the 
same as that depicted in Figure 10 except that an additional solenoid 166 has been 
positioned on conduit 164. When solenoid 166 is closed, liquified gas in reservoir 154 is 
vaporized in vaporizer 162 and returned to vapor conduit 32 for pressurizing the system. 

[0066] Figure 13 is a schematic cross-sectional view of a valve device in the form 
of an ecoshunt valve 200 according to an alternative embodiment of the invention. The 
valve 200 is another example of a control means which performs the function of 
automatically withdrawing a select gas, chosen from either a liquified gas or a liquified 
gas vapor, from the tank based on the pressure within the tank. The valve 200 can be 
used in place of the economizer valve discussed previously such as in delivery system 18 
of Figure 2. The valve 200 combines the functions of the economizer valve with shunt 
control and thus is called an "ecoshunt" valve. The valve 200 performs the functions of 
proportioning fluid flow to an engine between an all gas phase fluid comprising liquified 
gas vapor and an all liquid phase fluid comprising liquified gas, while directing available 
excess liquid phase fluid back to the tank for maintaining an operating pressure therein. 
The valve 200 may be constructed to retrofit to current tank designs with some 
modification to the tank, or can be integrated with a tank design for improved reliability 
and robustness. 

[0067] As depicted in Figure 13, valve device 200 includes a housing 202 having 
an interior surface 204 bounding a pair of first and second interior chambers 206 and 208, 
which are separated by a dividing wall 209. Longitudinally disposed between chambers 
206 and 208 is a proportioning spool 210. The spool 210 includes an enlarged head 
portion 212 disposed in chamber 208 which tapers to an elongated stem portion 214 that 
extends into chamber 206 through a passageway 216 in dividing wall 209. 

[0068] A shunt system is provided in spool 210 and includes a shunt port 218 in 
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stem portion 214 that communicates with a shunt channel 220 which passes through head 
portion 212. A shunt check valve 222 is provided in channel 220. The shunt check valve 
222 is one example of a means for regulating the flow of liquified gas through channel 
220. Other regulating means will be readily apparent to those skilled in the art, such as 
various other valve configurations. The shunt system is an example of a means for 
maintaining an operating pressure within the vapor holding portion of a tank. 

[0069] A pressure set screw 224 passes through housing 202 into chamber 206 
and is operatively connected to stem portion 214 of spool 210 by way of a pressure 
control spring 226. The pressure set screw 224 and associated pressure control spring 
226 are an example of a means for positioning spool 210 within chambers 206 and 208. 
It will be understood by those skilled in the art that a variety of other configurations may 
be utilized to accomplish this function, such as an electrical control device which is 
discussed in further detail hereafter. A dust cover 228 can be placed over pressure set 
screw 224 if desired. 

[0070] A diaphragm 230 extends across chamber 206 and is sealed against stem 
portion 214 and interior surface 204, thereby dividing chamber 206 into two isolated 
compartments 232 and 234. The diaphragm 230 is also connected to spring 226. The 
compartment 232 communicates with the atmosphere through a vent opening 236 in 
housing 202 and houses spring 226. The compartment 234 is in fluid communication 
with liquified gas from a tank through an inlet conduit 238. The chamber 208 is in 
communication with a vaporizer/engine through an outlet conduit 240. The chamber 208 
is also in bidirectional communication with the vapor holding portion of the tank through 
a conduit 242, which communicates with an opening 244 in housing 202. 

[0071] During operation of a liquified gas delivery system such as shown in 
Figure 2, which employs valve 200 in place of economizer valve 38, a tank is filled with a 
fluid that has a low saturation pressure such as a liquified gas. If the tank is at lower 
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pressure conditions and pressure set screw 224 is set at a much higher pressure, the 
difference between the tank and atmosphere deforms diaphragm 230 downward, thereby 
moving spool 210 such that passageway 216 is opened, with opening 244 being sealed by 
head portion 212. This allows liquified gas to flow from inlet conduit 238 and 
compartment 234 into chamber 208 and through outlet conduit 240 to the 
vaporizer/engine, with the passage from the vapor holding portion of the tank to the 
vaporizer/engine being closed. 

[0072] A false head pressure is generated when a pressure drop is created across 
check valve 222 in spool 210. This pressure drop opens check valve 222, which allows a 
small quantity of liquified gas to pass through shunt channel 220 and into vapor conduit 
242 toward the vapor holding portion of the tank. This small quantity of liquified gas is 
vaporized from the heat added as it passes back into the tank. The added heat increases 
vapor pressure and thus tank pressure. Since there is essentially no natural pressure drop 
across check valve 222, one is created from the dynamics of vaporization of fuel going to 
the engine. This process continues until the tank pressure, spring force, and atmospheric 
pressures reach a force balance such that head portion 212 of spool 210 is positioned to 
allow both liquified gas and liquified gas vapor to pass to the vaporizer/engine, which 
position is shown in Figure 13. 

[0073] Should the tank be at higher pressure conditions than the set point as a 
result of no usage, the force balance at the spring/diaphragm interface will render spool 
210 in the full up position, thereby closing passageway 216 and preventing liquified gas 
from entering chamber 208. This allows liquified gas vapor from vapor conduit 242 to 
pass through opening 244 into chamber 208 and through outlet conduit 240 toward the 
vaporizer/engine. Thus, all of the fuel is directed to the engine from the vapor holding 
portion of the tank until a force balance is again achieved. 

[0074] Figure 14 is a cross-sectional view of a valve device in the form of an 
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ecoshunt valve 250 according to another alternative embodiment of the invention which 
is electrically controlled. The valve 250 is another example of a control means which 
performs the function of automatically withdrawing a select gas from the tank based on 
the pressure within the tank. 

[0075] The valve 250 includes similar components as discussed above for valve 
200, including a housing 252 having an interior surface 254 bounding a pair of first and 
second interior chambers 256 and 258, which are separated by a dividing wall 259. A 
proportioning spool 260 is disposed between chambers 256 and 258. The spool 260 
includes an enlarged head portion 262 disposed in chamber 258 which tapers to an 
elongated stem portion 264 that extends into chamber 256 through a passageway 266 in 
dividing wall 259. A shunt port 268 in stem portion 264 communicates with a shunt 
channel 270 which passes through head portion 262. A shunt check valve 272 is 
provided in channel 270 to regulate the flow of liquified gas through channel 270. The 
chamber 256 is in fluid communication with liquified gas from a tank through an inlet 
conduit 238. The chamber 258 is in communication with a vaporizer/engine through an 
outlet conduit 240. The chamber 258 is also in bidirectional communication with the 
vapor holding portion of the tank through a conduit 242. 

[0076] As shown in Figure 14, valve 250 utilizes an electrical actuation device as 
a means for positioning spool 260 rather than a pressure set screw as in valve 200. 
Accordingly, an electrical control coil 274 is provided in a third chamber 276 defined by 
housing 252 and a dividing wall 278 separating chamber 276 from chamber 256. The 
stem portion 264 of spool 260 extends into chamber 276 and a positioning spring 280 is 
configured around stem portion 264 adjacent to control coil 274. A power input 282 from 
a power source (not shown) is operatively connected to control coil 274. This approach 
makes valve 250 more readily adjustable, with valve 250 capable of being controlled by a 
computer or a simple pressure switch. The valve 250 and chambers therein are also 
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hermetically sealed by housing 252, which means there are no dynamic parts that can fail 
such that fuel would be released into the atmosphere. 

[0077] The valve 250 functions in a similar manner as described above for valve 
200 in that valve 250 proportions fluid flow between an all gas phase fluid and an all 
liquid phase fluid, while directing available excess liquid phase fluid into the pressure 
building process. During operation, the pressure is set by electrical actuation of control 
coil 274 which adjusts the position of spool 260 through magnetic interaction with stem 
portion 264 and spring 280. If the tank is at low pressure and the pressure is set at a much 
higher pressure, the difference between the tank and the set pressure causes spool 210 to 
move such that passageway 266 is opened. This allows liquified gas to flow from inlet 
conduit 238 and chamber 256 into chamber 258 and through outlet conduit 240 to the 
vaporizer/engine. 

[0078] A false head pressure is generated when a pressure drop is created across 
check valve 272 in spool 260. This pressure drop opens check valve 272, which allows a 
small quantity of liquified gas to pass through shunt channel 270 and into vapor conduit 
242 toward the vapor holding portion of the tank. This small quantity of liquified gas is 
vaporized from the heat added as it passes back into the tank, thus increasing tank 
pressure. This process continues until the tank pressure, spring force, and set pressure 
reach a force balance as described previously. Should the tank be at a higher pressure 
than the set point, the force balance will render spool 260 in the full up position, thereby 
closing passageway 266 and preventing liquified gas from entering chamber 258. This 
allows liquified gas vapor from vapor conduit 242 to pass into chamber 258 and through 
outlet conduit 240 toward the vaporizer/engine until a force balance is again achieved. 

[0079] Figure 15 is a cross-sectional view of a valve device in the form of an 
ecoshunt valve 300 according to a further alternative embodiment of the invention which 
is electrically controlled. Like the other ecoshunt valves previously discussed, valve 300 
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is also configured to perform the function of automatically withdrawing a select gas from 
the tank based on the pressure within the tank. 

[0080] The valve 300 includes similar components as discussed above for valve 
250, including a housing 302 having an interior surface 304 bounding a pair of first and 
second interior chambers 306 and 308, which are separated by a dividing wall 309. A 
proportioning spool 260 is disposed between chambers 306 and 308. The spool 260 
includes an enlarged head portion 262 disposed in chamber 308 and a stem portion 264 
that extends into chamber 306 through a passageway 310 in dividing wall 309. A shunt 
port 268 in stem portion 264 communicates with a shunt channel 270, and a shunt check 
valve 272 is provided in channel 270. The chamber 306 is in fluid communication with 
liquified gas from a tank through an inlet conduit 238. The chamber 308 is in 
communication with a vaporizer/engine through an outlet conduit 240. The chamber 308 
is also in bidirectional communication with the vapor holding portion of the tank through 
a conduit 242. 

[0081] As shown in Figure 15, valve 300 also utilizes an electrical actuation 
device as a means for positioning spool 260. The electrical actuation device is in the 
form of an electrical control coil 274 which is configured on the outside of housing 302 
around a third interior chamber 312 in which stem 264 of spool 260 moves. The chamber 
312 is in fluid communication with chamber 306, and is bounded by a seal end cap 314 
constructed of a non-magnetic material. Suitable non-magnetic materials for end cap 314 
include aluminum, titanium, nickel/titanium alloys, and some stainless steels. The non- 
magnetic material of end cap 3 14 allows the magnetic field generated by coil 274 to 
control the position of spool 260 through the magnetic coupling of coil 274 and stem 264. 
A positioning spring 280 is configured around stem portion 264 adjacent to chamber 312, 
and a power input 282 is operatively connected to coil 274. 

[0082] The valve 300 functions in a similar manner as described above for valve 
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250 in that valve 300 proportions fluid flow between an all gas phase fluid and an all 
liquid phase fluid, while directing available excess liquid phase fluid into the pressure 
building process. During operation, the pressure is set by electrical actuation of coil 274 
which adjusts the position of spool 260. The configuration of valve 300 with coil 274 on 
the outside of housing 302 allows for convenient maintenance and repair of coil 274, 
which can be done without compromising the integrity of valve 300 which is sealed or the 
need to drain valve 300 prior to maintenance or repair. 

[0083] Figures 16A and 16B are schematic representations of alternative 
embodiments for connecting a valve device, such as valves 200 and 250 discussed 
previously, to a tank according to the present invention. In Figure 16A, valve 200 is 
shown in a retrofit type connection to a tank 14, which is filled by passing liquified gas 
through an inlet 16. A vapor conduit 32 having bidirectional flow capability provides 
fluid communication between valve 200 and the vapor holding portion of tank 14. 
Liquified gas flows through a supply conduit 44 to valve 200. An external connection 
section 290 attached to tank 14 provides various conduits and ports for each of inlet 16, 
vapor conduit 32, and supply conduit 44 so that these components function properly. A 
transition conduit 92 provides fluid communication between valve 200 and the engine. 
Each of these respective components shown in Figure 16A function in the manner as 
described previously. 

[0084] In Figure 16B, valve 200 is shown as an integrated part of a tank 14, which 
provides improved reliability and robustness to valve 200. The vapor conduit 32 can be 
formed externally as shown in Figure 16B, or alternatively, can be part of the internal 
structure of tank 14. A transition conduit 92 provides fluid communication between 
valve 200 and the engine as described above. 

[0085] The present invention may be embodied in other specific forms without 
departing from its spirit or essential characteristics. The described embodiments are to be 
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considered in all respects only as illustrative and not restrictive. The scope of the 
invention is, therefore, indicated by the appended claims rather than by the foregoing 
description. All changes which come within the meaning and range of equivalency of the 
claims are to be embraced within their scope. 
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